A nterior cervical discectomy and arthroplasty are treatment modalities for cervical radiculomyelopathy. 3, 4, 7, 10, 11, 13, 18 Many published articles have presented favorable clinical outcomes of anterior cervical discectomy and total disc replacement (TDR). 3, 7, 10, 18, 20 We have performed cervical arthroplasty in patients with cervical radiculomyelopathy due to cervical disc herniation. However, we experienced complications related to cervical arthroplasty such as postoperative segmental kyphosis, heterotopic ossification, osteolysis, dislocation of the prosthesis, bone-implant failure, and pullout of the artificial disc. 3, 11, 12, 14, 21 Theoretically, cervical arthroplasty can preserve the motion of the surgically treated segment in contrast to cervical fusion surgeries. 3, 15, 24 However, heterotopic ossification occurred in patients who underwent cervical TDR, and its effect interferes with motion preservation of the operative segments.
We observed the loss of vertebral bodies at the operative segment after cervical arthroplasty using Baguera C disc (Spineart), similar to the cases treated with the Bryan disc. 12 We could not determine whether bone loss or the bone remodeling effects around a cervical artificial disc prosthesis should be regarded solely as complications, and we did not exactly know the mechanism of bone loss. The purpose of this study is to investigate a potential complication-bone loss of the index segment after cervical TDR using Baguera C-and discuss the clinical significance.
Methods

Patient Population
We retrospectively reviewed patients who underwent cervical arthroplasty with the use of Baguera C artificial discs (Spineart). A total of 78 patients have been treated with cervical TDR using Baguera C discs since October 2010. Cervical TDR was performed only in patients with soft-disc herniation from C3-4 to C6-7 that caused radiculomyelopathy. We did not perform cervical TDR in patients with instability, deformity, osteoporosis, ossification of the posterior longitudinal ligament, metabolic bone disease, or infection. We included only patients who underwent single-level cervical TDR and received follow-up for more than 24 months after cervical arthroplasty. Multilevel cervical arthroplasty or cervical hybrid operative cases were excluded from this study.
Clinical and Radiological Parameters
The clinical and radiological outcome data were collected at 1, 6, 12, and 24 months postoperatively and at the last follow-up. Clinical evaluations included recording demographic data, the visual analog scale (VAS) of the neck and arm, and the Neck Disability Index (NDI).
We acquired simple and dynamic radiographs (flexion/ extension) at 1, 6, 12, and 24 months and the final followup examination. Radiological changes such as heterotopic ossification and bone loss were evaluated. The range of motion (ROM) of each operative segment was evaluated using lateral flexion and extension radiographs. The ROM of the operative segments was calculated as the difference between extension and flexion ( Fig. 1) . The anteroposterior (AP) diameters of the lower endplate of the superior vertebral body and upper endplate of the inferior vertebral body were measured for evaluation of the progression of bone loss. The AP diameter was calculated on the basis of the mean value of the upper endplate of the inferior vertebral body and the lower endplate of the superior vertebral body (Fig. 1) . We checked the serial changes in the AP diameters of the operation segments.
We classified the grading of bone loss of the operative segment as follows: Grade 1, disappearance of the anterior osteophyte or small minor bone loss; Grade 2, bone loss of the anterior portion of the vertebral bodies at the operation segment without exposure of the artificial disc; and Grade 3, significant bone loss with exposure of the anterior portion of the artificial disc (Table 1 and Fig. 2 ).
We additionally divided the patients into 2 groups to evaluate bone loss. Patients with Grade 1 and 2 bone loss were assigned to the minor change group, and patients with Grade 3 bone loss were assigned to the major change group. We compared clinical outcomes (VAS of the neck and arm and NDI) between the minor and major change groups.
CT scans were obtained at 24 months postoperatively or the last follow-up. We evaluated the bone-to-implant interface and the morphological changes of the cortical Bone loss from the anterior portion of the vertebral body to the anterior margin of the artificial disc. There was no radiological exposure of the artificial disc. 3
The anterior portion of artificial disc prosthesis was exposed due to bone loss.
margin of the vertebral bodies at the operation segment using the postoperative CT images.
Statistical Analysis
Given the small sample size, we used nonparametric statistical analysis. The Mann-Whitney U-test and Wilcoxon signed-rank test were used for analysis; p < 0.05 was considered to be statistically significant. We used R 3.1.2 for Windows for the statistical analysis.
Results
Among 78 patients, 48 patients were enrolled in this study. The 48 enrolled patients were treated by 5 different spine surgeons. The study group comprised 18 male and 30 female patients with a mean age of 50.1 ± 7.4 years. The mean follow-up period was 32.3 ± 3.3 months. The disc levels that were operated on ranged from C3-4 to C6-7: C3-4 in 1 patient; C4-5 in 6 patients; C5-6 in 33 patients; and C6-7 in 8 patients (Table 2) .
Bone loss at the operative segments occurred in 29 (60.4%) of 48 patients, and heterotopic ossification developed 14 (29.2%) of 48 patients. Minor changes in bone loss occurred in 21 patients: Grade 1 in 15 patients, and Grade 2 in 6 patients. A major change (Grade 3) in bone loss occurred in 8 patients (Fig. 2) . The mean AP diameter of the operative segments gradually decreased after the operation: 20.16 ± 2.04 mm immediately postoperatively, 19.46 ± 2.04 mm at 6 months postoperatively, 19.05 ± 2.05 mm at 12 months postoperatively, and 18.97 ± 1.99 mm at ≥ 24 months postoperatively. The mean AP diameter of the operative segments that was measured immediately after the operation significantly decreased in patients who experienced bone loss (p < 0.05; Fig. 3 ). Bone loss is also shown in Fig. 4 .
The mean ROM of the operation segment was 9.1° ± 2.9° preoperatively, and 11.4° ± 2.7° at the final followup. The motion at the operative segment was maintained at the final follow-up in the 29 patients who experienced bone loss.
The cortical bone defect of the bone loss area and osteolytic lesion were not detected on the postoperative CT scans (Fig. 5) .
Preoperative NDI significantly improved from 65.9 ± 13.9 to 18.4 ± 9.1 at 24 months after surgery (p < 0.05). The neck VAS score in the major change group (Grade 3   FIG. 2 . Classification of bone loss after cervical arthroplasty. A: Grade 1. B: Grade 2. C: Grade 3 (see Table 1 ). Arrows indicate the bone loss area. bone loss) was significantly higher than that of the minor change group (Grade 1 and 2 bone loss) at 6 months and 12 months after cervical TDR (Table 3 ; p < 0.05). There were no differences in the neck and arm VAS scores at the final follow-up (≥ 24 months).
Discussion
Bone loss has been already presented in large joint replacements such as hip and knee joint arthroplasty. 1, 8, 17, 22 Bone loss has also developed around the joint prosthesis in patients who have undergone large joint replacement. The etiology of bone loss has not yet been determined. The possible mechanisms of bone loss after large joint replacement surgeries can be summarized as 1) a foreign body reaction of the implant with bone; 2) wear debris effect of the artificial prosthesis; 3) micromotion or micromovement effects at the bone-prosthesis interfaces; and 4) stress shielding effects. 2, 5, 8, 9 The mechanical causes of bone loss were the micromovement effects and stress shielding effects of the implants. The micromotion of the artificial joint into the bone may continuously induce mechanical damage to the bone around the prosthesis and subsequently bone loss occurs around the prosthesis. 12 The stress shielding effect is one of the factors of bone loss after arthroplasty. 5, 12 Femur bone loss and remodeling occur in the proximal portion of the femur after hip joint replacement surgery, and the stress shielding of the proximal femur may be a mechanical factor of bone loss. In contrast, the wear debris effect and foreign body reaction were biological inflammatory factors of the bone loss mechanism. Wear particles from the prosthesis are generated from the prosthesis and stimulate macrophages, foreign-body giant cells, and osteoclastic activity. 16 Subsequently, bone loss or osteolysis around the artificial joint occurs. 8 Bone loss around the Baguera C cervical disc prosthesis is different from bone loss due to joint arthroplasty. Postoperative CT images obtained over 2 years after cervical arthroplasty depicted that there was not osteolysis   FIG. 3 . Mean serial changes in the AP diameter (in mm, y-axis) of the operative segments after cervical arthroplasty using Baguera C.
FIG. 5.
A 36-year-old female patient received cervical TDR at C5-6. Although bone loss occurred at the operative segment (left, arrow), there was no osteolytic lesion or cortical bone defect around the bone loss area around the cervical artificial disc (right).
FIG. 4.
Serial radiographs obtained in a 39-year-old female patient who was treated by undergoing cervical TDR at C5-6. A and B: Compared with the radiograph obtained immediately postoperatively (A), Grade 3 bone loss developed at the C5-6 area at 1 year after cervical TDR (B, arrow). C: The final postoperative follow-up lateral dynamic radiographs obtained 5 years after TDR revealed that the progression of bone loss had stopped and motion was still preserved.
of the vertebrae but rather bone remodeling. The anterior vertebral cortical bone margin of the bone loss area was present; moreover, the artificial disc was well fused to the endplates of the vertebrae, and there was no radiolucent osteolytic lesion near the disc prosthesis. Therefore, the stress-shielding effect may be the main lesion of bone loss after cervical arthroplasty using Baguera C rather than the inflammatory osteolytic reaction. In the normal cervical spine, the instantaneous axis of rotation of the intervertebral motion segment changes with motion. However, cervical artificial discs may alter the physiological biomechanics and the instantaneous axis of rotation. 6, 19 We suggest that these effects may be influenced by stressful mechanical change on the vertebral bodies after cervical TDR. Subsequently, bone loss developed in the vertebral body in cases of cervical TDR using Baguera C.
Osteolytic bone loss was previously reported in a case in which the patient underwent placement of the ProDisc-C. 21, 23 The central keel of the ProDisc-C was penetrated and fixed to the vertebral body. The keel portion was directed toward contact with the bone marrow area. Osteolytic lesion formation occurred around the keel portion of the ProDisc-C. 21 Wear debris particles and the foreign body reaction may affect osteolysis after cervical TDR using ProDisc-C. Moreover, bone loss after cervical TDR has been reported with the Bryan cervical artificial disc.
12
The bone loss pattern in the Bryan disc was similar to our Baguera C cases. Kim et al. 12 reported that the anterior flange of the Bryan artificial disc might result in wear debris and stress shield effects. These effects were causes of bone loss after Bryan disc arthroplasty. However, the Baguera C artificial disc does not have the anterior flange. We suggest that the biomechanical changes of cervical arthroplasty may be another factor of bone loss, and each specific property of the biomaterials of the cervical artificial discs may be associated with bone loss.
Fortunately, bone loss did not continuously progress in our study. Bone loss continued until approximately 1 year after cervical TDR, and then it stopped. Moreover, the motion of the operative segments was well preserved at 2 years or more after cervical arthroplasty. Heterotopic ossification after cervical TDR is related to motion restriction or spontaneous fusion at the operative level. Bone loss might be responsible for a good portion of the motion preservation of the operative segment compared with heterotopic ossification. A major change (Grade 3) in bone loss after cervical arthroplasty was associated with postoperative neck pain. Although some patients with Grade 3 bone loss complained of postoperative neck pain 1 year after cervical TDR, the postoperative neck pain spontaneously improved. Therefore, we cannot conclude if bone loss is a real complication or not.
Although we did not investigate physical activity, occupation, and socioeconomic status, the majority of the patients in the major bone loss group (Grade 3) may have had a high level of physical or occupational activity. We suggest that physical activity might be associated with bone loss. A further larger study about cervical arthroplasty must include factors of occupational and physical activities.
The limitation of this study is the small sample size. Moreover, we analyzed only Baguera C case series. Further studies should include a larger number of cases and various types of cervical artificial discs for the evaluation of the clinical importance of bone loss. 
